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Chapter 1: Introduction
Global education has been impacted by the COVID-19 pandemic, much like every other
industry. All educational institutions were briefly shut down during the outbreak to stop the
spread of COVID-19 and lower the risk of infection for students. The collapse of global affairs
disrupted students and educators worldwide. The pandemic has forced educational institutions
to reconsider how they deliver their courses and shift their focus to emerging technology
(Amnouychokanant et al., 2021; Montiel & Gomez-Zermeño, 2021). Due to the COVID-19
epidemic, universities worldwide have enacted programs requiring all professors to transition
from face-to-face instruction in the classroom to various types of online and hybrid learning. All
organizations, especially instructors, are responsible for preparing for teaching and learning
during the COVID-19 issue. Making hybrid learning engaging for students is a crucial difficulty
because they seldom pay attention in online classrooms (Amnouychokanant et al., 2021). Some
instructors have been forced to offer educational apps, platforms, and resources to promote
student motivation and learning.
Additionally, technological advances are causing the world to change very swiftly. The
global economy is evolving, and increasingly more jobs are being replaced by robotics and
artificial intelligence (AI). Therefore, the primary focus of human resource management should
be on developing the hard and soft skills necessary for the current and future employment
markets. One of the most in-demand skills internationally is computational thinking (CT)
(Amnouychokanant et al., 2021). Information and communications technologies have evolved as
an educational strategy during the COVID-19 pandemic, giving students access to the resources
they need to gain the digital skills they will need in the future (Montiel & Gomez-Zermeño, 2021).
The advancement of information and technology significantly impacts how the century has
developed (Aryati et al., 2020).
Moreover, virtual reality (VR) has the capability to provide a riveting environment to
engage in groundbreaking constructionist learning activities (Mulders et al., 2020). These tools
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are inbuilt without any environmental boundaries and provide constructive programming
features so "learners can engage in the process of bricolage" (Girvan & Savage, 2019). There is a
need to examine whether VR provides an exciting and engaging learning environment for CT and
PS and explore students’ attitudes toward using VR. This mixed methods research investigates
students' attitudes, achievement, engagement, and in an undergraduate computer science
classroom at an HBCU with virtual reality as a learning tool, based on the Technology Acceptance
Model (TAM) as the theoretical framework.
1.1 Background of the problem
Computer Science (CS) is the focal point of this new digital life era, and the US needs CS
graduates as gravely as all other countries. To thrive in the 21st century, employees must be skilled
at creativity, critical thinking, collaboration, and problem-solving—a few of the skills required to
succeed in the present and future workforce (Binkley et al., 2012). The Computer Science (CS)
industry has to conquer several challenges. One of the many difficulties in computer science is a
workforce shortage. There is an enormous gap in supply and demand for computer science
graduates in the United States (Bowman, 2018). The US Bureau of Labor Statistics (2022)
articulated that computer and information technology (field of computer science) projects rapid
growth of 15.4 percent from 2021 through 2031, compared to all occupations. Silicon Valley is one
of the digital hubs with a high wage rate for employees in computer science and similar work, with
an estimated median annual pay rate in 2021 of 93k, whereas 45k for all other occupations (BLS,
2022). This hotspot is incomprehensibly home to a portion of the world's most influential tech
organizations but "does not have enough individuals with computer science knowledge to fill
those employment gaps" (Bowman, 2018).
Additionally, the COVID-19 pandemic impacted the workforce deficit for CS majors
worldwide, and it is due to decreased student enrollment and increased attrition rates for CS
majors (NCES, 2022). According to the data from NCES, the number of students enrolling and
graduating from computer science has been flat for over a decade (NCES, 2022). The strong
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demand for Computer Science experts does not influence U.S. college students' choice of majors
(Bowman, 2018). The intriguing question is, "When there is an increase in demand and high
wages offered for Computer Science professionals, why do people not prefer to major in CS and
technology-related courses?". Learning computer programming remains one of the challenges
students face due to the complexity of the programming concepts (Williams et al., 2002; Dasuki
& Quaye, 2016). This might be due to the students' prior moderate exposure to CT, lack of interest,
and misconceptions (Ali & Shubra, 2010; Bowman, 2018). Students' efficient exposure to CT and
PS may change their opinions and motivate them toward CS-related fields.
Therefore, with the increase in demand, igniting students' CT and PS is an urge for
educators. Students need the exposure they need to fuel interest or change their negative attitudes
toward the field. Learning computer science is student-centered; engaging students to focus on
the course content can be adverse to traditional teaching methods (Yadav. et al., 2016).
1.2 Research Problem
The shortage of computer science graduates directly impacts the workforce, significantly
challenging the nation's economy and technology arena due to COVID-19. The decline in students'
CS graduation rates across Computer Science (CS) departments is due to Students' high negative
attitudes to learning programming (Bowman, 2018) and a lack of prior knowledge of
computational thinking (Chang, 2016). Computer Programming concepts' complexity challenges
learners' learning experience through traditional methods (Park & Choi, 2014; Reza, S. & Baig,
M., 2015). Conventional methods of instruction for computer programming are often insufficient
to overcome the difficulties associated with learning. Therefore, it is important to explore
potential learning methods to facilitate the teaching of programming concepts with
computational thinking and influence students' interest and motivation.
1.3 Purpose Statement
The research employs the convergent mixed-method study to explore students' attitudes,
achievement, and engagement toward learning computational thinking and Programming skills
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with virtual reality as a learning tool in an undergraduate computer science classroom at an HBCU
based on the Technology Acceptance Model (TAM) as the theoretical framework.
The quantitative research measures students' achievement and engagement with the skills
questionnaire by comparing the pre-test and post-test of the students' test scores. The study will
predict students' achievement in a computer science course if they improve their computational
thinking and programming skills. In contrast, the qualitative analysis explores students' attitudes
with the questionnaire regarding their opinions on learning computational thinking and
computer programming and the infusion of virtual reality in CS education with pre-test and posttest. A mixed-method approach triangulates quantitative and qualitative data to identify
significant differences in the students' attitudes and skills.
1.4 Research Questions
To address the research problem, the research design employed is a convergent mixedmethod design. The rationale for using the mixed-method study is discussed clearly in Chapter 3.
The objective of quantitative and qualitative questions is to find the answer to the overarching
problem. How do learning CT and PS with Virtual Reality in a computer science classroom effect
the students' attitude achievement, and engagement toward CS?
Quantitative research questions.
To measure the differences in the participants' achievement and engagement toward
computational thinking and programming skills.
RQ1. What are the demographics of students who participated in the VR (a) classification and age,
(b) gender, (c) learner status (prior knowledge of the student in the content).
RQ2. Do Virtual Reality impact computer science students' achievement and engagement in
learning computational thinking within a Virtual Reality Learning Environment at an HBCU?
RQ3. Do Virtual Reality impact computer science students' achievement and engagement in
learning programming skills within a Virtual Reality Learning Environment at an HBCU?
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RQ 4: What is the relationship between student achievement and engagement within a Virtual
Reality Learning Environment at an HBCU?
Qualitative research questions. To investigate the effects, the Virtual Reality Learning
Environment at an HBCU may have on the students' attitudes toward CS, based on the following
questions:
RQ 5. What are the student attitudes towards learning computer science skills in a virtual reality
learning environment at an HBCU?
a.

What are students' attitudes towards learning computational thinking and programming

skills within a Virtual Reality Learning Environment at an HBCU?
b.

What sentiments do students express towards learning computational thinking and

programming skills during the Virtual Reality Learning Environment at an HBCU?
c.

What are the themes emerged in students' perceptions towards the Virtual Reality

Learning Environment on their understanding of the concepts of computational thinking and
programming skills?
1.5 Significance of the Study
Findings from this study will provide insight into virtual reality as a learning tool in
computer science education. VR may address the educational disruptions caused by COVID-19
for both educators and students in the mode of instruction. The study could help educators to
infuse virtual reality into teaching computer science. The skills achieved may help students
improve academic performance and enable them to use/generate a VR application with little
effort. It enables users to share newly generated VR applications with others, helps learners and
enthusiasts communicate their programming ideas without remembering syntax, develops
students' interest in computer science learning, and influences students' career paths after
graduating from undergraduate school. Thus, the study will contribute to the literature by
analyzing virtual reality in computer science education to enhance the students' knowledge and
interest.

VIRTUAL REALITY IN COMPUTER SCIENCE EDUCATION

7

This chapter introduced the background and identified the need and rationale for this
Technology Acceptance Model theory (TAM). The next chapter will discuss scholarly studies
related to the current research and provide a theoretical framework.
Chapter 2: Review of the Literature
This chapter explores the literature related to the current study with a focus on Virtual
Reality to foster Computational thinking and programming skills in students. The literature
review comprises four sub-topics: Virtual reality and benefits in education, CT and PS, Technology
Acceptance Model theory, and Sentimental Analysis, which helps mining educational data.
2.1 Virtual Reality
Virtual Reality creates an illusion of being somewhere else or drenched in an alternate
climate (Ortega, 2017). The technology subject to immersion is VR innovation to accomplish such
encounters (Konstantine et al., 2014). In VR, the idea of presence denotes a “subjective or
psychological perception” of a person, which is produced using VR (International Society for
Presence Research, 2000). Virtual Reality enables us to investigate 360-degree and threedimensional (3D) views. Virtual worlds allow students to interact and grasp environments beyond
their physical reach (Siegle, 2019). This virtual view helps explore dangerous science experiments
without fear (Siegle, 2019; Gordon, 2016).
Though there are possible distractions in the VR world due to cognitive overload (Richards
& Taylor, 2015), physical interaction/experience helps understand critical thinking and improve
logical thinking (Girvan & Savage, 2019). The elements experienced with virtual reality games are
visualization, hands-on expertise, and physical gameplay.
2.2 Virtual Reality in Education
Today's children are more tech-savvy in this technological world than they have ever been
in the past. Children are fascinated by playing virtual games more than anything (Mostafa, 2020).
They perform different kinds of projects based on their interests, which aim to have exploration
and fun VR educational games designed to impart knowledge to children in an innovative manner.
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The virtual world helps the learner to visualize through active engagement in the learning process
(Ortega et al., 2017). Virtual learners benefit from interactivity (hand on experience), that is "learn
by doing" strategy, than traditional learning (Amnouychokanant et al., 2021). Use of VR for the
educational purpose of overcoming the parameters such as distance and safety (Ortega et al.,
2017). VR is a learner center approach where teachers act as facilitators in the discovery process.
One approach helps students attain programming skills to introduce computing concepts
like problem-solving and logical thinking in middle school (Celepkolu et al., 2020). Then help
them learn the topics with fueling interest (Rowe, 2017). Nowadays, kids are much into gaming
and use it to create a pace of learning. "Students often are more comfortable and engaged in
gaming environments" (Mostafa, 2020), and "learning becomes visible through progress
indicator" (Rowe, 2017). Students tend to learn when the curriculum design is according to their
needs and interests for learning at their own pace (Rowe, 2017).
2.3 VR and CS Education
Virtual Games play enormous acts in children's education (Ortega et al., 2017). With the
new advancements in technology, students have the power to develop their ideal games.
Students develop the game from scratch using predefined drag-and-drop boxes of the
application (Funke et al., 2017). Students develop the game and act as masters of their digital
game. Students can improve their knowledge of computer science and PS (Girvan & Savage,
2019). However, the critical issue remains whether students are interested in learning to
program with the help of VR games.
2.4 Computational Thinking
Computational thinking (CT) is a perspective on solving problems and finding solutions.
The solutions address a logical and precise structure obtained from computational steps or
algorithms (Wing, 20011). CT was first recognized in 1980 when the researcher Seymour Papert
proposed a significant reflection on computers and recommended students' creativity and
learning achievements. Papert alluded to the idea of CT again in 1993, and it got consideration in
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2006 while Wing explained the thought and spread its application to problem-solving and critical
thinking. In his later examination, Wing approached all educational research fields to foster a CT
pedagogy (Wing, 2011). Regardless of the area, students need to improve their skills of
computational thinking (Wing, 2011).
Additionally, CT incorporates several 21st-century skills essential for all students in
tackling real-world challenges, like problem-solving, critical thinking, algorithmic thinking, and
creativity (Lye & Koh, 2014 ). (Soliman et al., 2021). CT develops expertise across various fields,
including engineering, mathematics, and robotics, and combines learning about existing
applications (Weintrop et al., 2016; Bell & Vahrenhold, 2018). Decomposition, pattern
recognition, pattern generalization and abstraction, and algorithm creation are the categories into
which CT skills are divided (Wing, 2008). In many STEM domains, an algorithm is a set of
instructions that performs a specific computation or activity (Qualls & Sherrell, 2010; Weintrop
et al., 2016). By concentrating on the process in the technology-driven environment, CT aligns
practical analysis and deconstruction of complicated challenges and aids in producing effective
solutions.
2.5 Programming Skills
To generate and implement viable solutions to specific problems, programmers must have
a broad knowledge of computational skills and understanding (Shute et al., 2017;
(Amnouychokanant et al., 2021).). Programmers do not have to master all the programming
languages in the world but have to identify a specific domain and learn, working tirelessly towards
providing better solutions to people's problems. Self-motivation and curiosity should be the
defining traits of a given programmer, thus making them gain soft and hard skills, which are
crucial to developing efficient models to solve different problems (Denning & Tedre, 2019).
Programmers gain hard skills from hard work and consistently learn other techniques for
generating codes. Still, the hard skills must work with the soft skills for programmers to
communicate effectively with the target audience. Programmers need to understand
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programming languages such as Java and JavaScript, which are crucial in web development and
design. Undergraduate students must master mathematical concepts taught in class and use them
to find optimal solutions to problems.
2.6 Computational Thinking in Learning Computer Programming
Programming languages closely mirror the computer's thinking technique (Smith et al.,
2000). Although different ways to develop CT among learners exist, two main approaches
predominantly use text-based and visual language programming (Hsu et al., 2018;
Amnouychokanant et al., 2021). Traditionally, a heavy emphasis rests on text-based
programming, which relies on a programming language's syntax, which is perceived as
challenging to understand and master.
A new pedagogical methodology addressed engaging and learning computer science ideas
without utilizing technical advances, known as “unplugged coding” (Bell & Vahrenhold, 2018). It
effectively draws in students and produces an uplifting perspective toward learning computer
science (Bell & Vahrenhold, 2018). The critical concentration is the algorithms, which is a
prerequisite to any CT program (Bell & Vahrenhold, 2018; Montiel & Gomez-Zermeño, 2021). It
makes computer science more open to less elite schools where technological advances are far off.
Despite their advantages over traditional teaching to learn computer science, these coding
exercises (Bell & Vahrenhold, 2018; Thies & Vahrenhold, 2013) embrace a few difficulties. First,
this plan is for primary school students, including basic computer science lessons ((Bell &
Vahrenhold, 2018; Thies & Vahrenhold, 2013). This approach might require more potential to
foster more modern computational thinking abilities, for example, critical thinking and
programming.
2.7 Sentiment Analysis
Celepoku et al. (2020) proposed the study to explore middle school students’ opinions on
the infusion of computer science into the science classroom. The study investigated the students’
engagement and improved science and CS basics skills. The study analyzed the positive

VIRTUAL REALITY IN COMPUTER SCIENCE EDUCATION

11

sentiments of students like visualization, hands-on nature, and gamification of science concepts.
In contrast, the negative sentiments depicted the lack of CS background and the failure of proper
infusion of CS in science class. The vital goal of computer science education researchers is to
acquire a deep understanding of student experience when developing a curriculum or lesson plan
and sentiment analysis helps address the issue (Celepoku et al., 2020).
Mostafa. L (2020) worked on a sentimental analysis model to explore the gamification
impact on students infusing CS in the science classroom. Sentiment analysis is used to analyze the
students' opinions to understand their opinion better. The SA classifier system explored students'
opinions and checked the compatibility of the infusion of the CS into science topics (Mostafa,
2020). Immersion of CS into mathematics and science works best if the curriculum is designed
according to the students' needs and interests to learn (Rowe, 2017).
Although the VR learning environment integrates various coding activities for experience,
the purpose is mainly for entertainment. In contrast, this playful setting can leverage more
collaborative, engaging learning. In addition, need for more specificity in learning achievement,
students’ perceptions of their ability to learn CT and PS with VR, and their perceptions of CS
education. Such integrative frameworks would be appropriate evidence for one to be sure about
the usefulness and fruitfulness of VR environments.
2.8 Theoretical Framework
Virtual reality is one technology that is incorporated into STEM education to support the
Technology Acceptance Model (TAM). The fundamental paradigm is the Technology Acceptance
Model (TAM), which Davis developed in 1989. An information systems theory called the TAM
explains how and when users understand and use technology (Gyoung, 2019). The Theory of
Reasoned Action (TRORA) is most frequently supplemented with the Technology Acceptance
Model (TAM) (TRA). He asserted that a user's perception of a system would determine whether
they used it (Davis, 1989 & Gyoung, 2019). Perceived usefulness (PU) and perceived ease of use
(PEOU), affect PU, are influenced by the user's attitude.
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Figure1: Technology Acceptance Model
According to Davis, Perceived usefulness (PU), the first component, is relevant to the
study because students believe that using computer systems connects them to local databases or
the Internet. Phones and other electronic devices to search for information enhance their
academic activities more than traditional ones. With technology, students can read and search for
information to do assignments and research faster (Gyoung, 2019).
Perceived ease of use (PEOU), the second component, clarifies students' capacity to accept
and use electronics. It will ease their use of digital Information Resources (DIRs), and learning
will become more open to them and impact their scholastic exercises in their day-to-day routine.
That is, endeavors to look for information in traditional ways are diminished consequently with
the use of technology. The researcher embraced this theory because of its relationship to
scrutinizing the issue (Gyoung, 2019).
Chapter 3: Methodology
This chapter outlines the research methodology and procedure used in this study. The following
sections will analyze and discuss the research methods, research questions and hypothesis,
participants and setting, data collection, and data analysis.
3.1 Research Design
The focus of this study is on computational thinking and programming skills. The mixedmethod research employs a concurrent triangulation design, data collection for both quantitative
and qualitative during the same timeframe. Then analyses data separately at the time of
interpretation. This approach's rationale was to bring together the outputs of both the quantitative
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and the qualitative data to compare the results and support the quantitative results with
qualitative findings.
3.2 Research questions and Hypothesis
3.2.1 Research Questions
Quantitative research questions.
To measure the differences in the participants' achievement and engagement toward
computational thinking and programming skills.
RQ1. What are the demographics of students who participated in the VR (a) classification and age,
(b) gender, (c) learner status (prior knowledge of the student)
RQ2. Do Virtual Reality impact computer science students' achievement and engagement in
learning computational thinking within a Virtual Reality Learning Environment at an HBCU?
RQ3. Do Virtual Reality impact computer science students' achievement and engagement in
learning programming skills within a Virtual Reality Learning Environment at an HBCU?
RQ 4: What is the relationship between student achievement and engagement within a Virtual
Reality Learning Environment at an HBCU?
Qualitative research questions. To investigate the effects, the Virtual Reality Learning
Environment at an HBCU may have on the students' attitudes toward CS, based on the following
questions:
RQ 5. What are the student attitudes towards learning computer science skills in a virtual reality
learning environment at an HBCU?
a. What sentiments do students express towards learning computational thinking and
programming skills during the Virtual Reality Learning Environment at an HBCU?
b. What are the themes emerged in students' perceptions towards the Virtual Reality
Learning Environment on their understanding of the concepts of computational thinking
and programming skills?
3.2.2 Hypothesis
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1. There is significant effect of virtual reality as a learning tool on the achievement, engagement,
and attitude in computational thinking of undergraduate computer science students at an HBCU.
2. There is significant effect of virtual reality as a learning tool on the achievement, engagement,
and attitude in programming skills of undergraduate computer science students at an HBCU.
3.3 Setting and Sample
This study's sample is from computer science undergraduate classroom at an HBCU in
South Louisiana. The sample size for the study is all undergraduate students enrolled in the
computer science department. The courses opted for the study are related to algorithms and
programming as they assist in the development of computational skills in students (Wing, 20011;
Qualls & Sherrell, 2010; Weintrop et al., 2016). The courses suitable for this study are CMPS 190,
CMPS 191, CMPS 201, CMPS 270, CMPS 271, CMPS 300, CMPS 310, CMPS 312, CMPS 322, CMPS
350, CMPS 370, and CMPS 371. All courses offered in the semester of the research phase will be
the sample of this research.

The research will be conducted for a semester where students will

interact with the VR environment for 8 weeks. The participants are randomly assigned to the
control and experimental groups, and the control and experiment groups will complete pretest
and posttest surveys. While both groups will attend the traditional classroom lecture using the
lesson plan developed by the instructor and address a real-world problem, the control group will
apply the knowledge acquired in the traditional learning approach (the method already used by
the instructor). In contrast, the experimental group will engage with a project in a virtual reality
environment related to the topic.
3.4 Data Collection
The procedure for quantitative data collection will be carried out with research instruments
designed from an existing instrument. The researcher will use the VR approach in their classroom
with the instructors. The data will be collected for students' CT, PS, and attitudes. To collect data
for students' PS, a survey is conducted in traditional methods, which the instructor practices for
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the courses, the computational thinking scale for the CT survey, and the Fennema-Sherman
Attitude Scales survey is used for the attitude survey.
Research Question

Research Type

Instrument

Data Collection

RQ1

Quantitative

Demographic survey

Survey

RQ2

Quantitative

Computational

Quantitative: Pretest and

Thinking assessment

posttest survey

scale survey
RQ3

Quantitative

Programming
skills assessment

Quantitative: Pretest and
posttest survey

scale survey
RQ4

Quantitative

Achievement and
engagement

Quantitative: Pretest and
posttest survey

assessment
Scale Survey
RQ5

Qualitative

a. FennemaSherman
Attitude
Scales survey

a. Pretest and
posttest survey
b. Descriptive
summary

descriptive summary
of students opinions
Table 1: Data collection process for quantitative and qualitative data for both the control
group and experiment group
3.5 Data Analysis
This study employs a dependent t-test, a within-subjects design that compares the mean of two
related groups to determine a statistically significant difference. The dependent variables computational thinking and programming skills are measured before and after the Virtual Reality

16

VIRTUAL REALITY IN COMPUTER SCIENCE EDUCATION

(VR) intervention within the control and experiment groups. The study variables are the
Independent variable – Virtual Reality-based learning tool, and Dependent variable computational thinking, and programming skills.
Research Question

Data Analysis

Tools

RQ1

Quantitative: Descriptive

IBM SPSS

analysis, comparative
analysis
RQ2

Quantitative: Descriptive

IBM SPSS

analysis, Dependent T-test
RQ3

Quantitative: Descriptive

IBM SPSS

analysis, Dependent T-test
RQ4

Quantitative: comparative

IBM SPSS

analysis
RQ5

Qualitative: Sentiment

Python, Rstudio

Analysis
a. Semantic Orientation
b. Thematic Analysis
Table 2: Data Analysis process for quantitative and qualitative data for both the control group
and experiment group
3.6 Conclusion
The TAM research on Virtual Reality provides insight into hybrid learning environments
to overcome teaching and learning difficulties during the Covid 19 pandemic. The knowledge
acquired regarding computational thinking and programming skills adds to the challenges of
whatever impact the pandemic might have on educational outcomes and the computer science
workforce.
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